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S W M Y  

A wind-tunnel investigation of 
the technique of measuring s ta t ic   forces   for  computation of bomb drop 
paths. As per t  of en  extensive program, forces and noments w e r e  measured 
a t  a &ch nmber of 1.61 in   t he  Langley 4- by 4-foot  supersoak  pressure 

bomber airplane configuration  for a great number of positions of the bonb 
izrder an open bomb bay. The resu l t s  show that  the  Wterference  forces 

rapidly  as the boxb is  moved through the  flaw f ie ld .  The wing is shown 
-Lo have a very  lerge  effect OIL the bomb forces after the bomb has  merged 
from the bomb bay. Czlculations of bomb 6rop path were perfomed  for one 
bomb (by u s b g  the  force dzta) -Lo show gr.zphica1l.y -the effects  of release 
al t i tude,  bomb attitude,  ejection  velocity, weight, and monent of iner t ia .  
These resu l t s  showed that  obtaining  satisfactory bomb release a t  l o w  a1-LF- 
tude is nzde very d i f f i cu l t  by the rapLd rearverd zcotion of the bomb 
result ing from the  large dynamic pressures.  Releasing the bomb lrom a 
position  just below the bomb bay did r o t  inprove the release wlthout  the 
eddition of an  adeguate  ejection  veloctty. 

- tunnel. on bombs of three  fineness  ratios uld on a swept-whg fighter- 

I and Doments imposed upon the bonbs by t i e  eirplrne  are  large azd change 

IWTROD U= TION 

With the development of supersonic bombing eirplanes, the problens 
of bomb release have become increasingly irrportarxt. In addi t ion  to   the 

the bomb bay, as well es the  nonunifom  flow f i e l d  surro:mding Yne eir- 

the  airplene. 

1 higher dynamic pressures, t'ne extremely turbulent  circulatory  flow  in 

T plzne,  can  cause bomb-release  motions that endanger both the  bomb znd 
- 
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In  generel,  there  are  four methods of investigeting  release problems. fl  
These are: 

(1) f i l l - sca le  drop tests 
k 

(2) Model drop tests i n  w i n d  tunnels 

(3) Theoketical  calculations of flow fields, bomb forces, and drop 
paths 

(4) Static-force measurements i n  wind tunnels followed by drop- 
path  calculations 

Full-scale drop t e s t s   a r e  obviously  hazardous and  do not  readily 
permit  investigetion of the effects  of the large number of parameters 
involved.  Furthermore, w i t h  existing  airplanes and banbs the equipment 
and speed ranges of Yne future cannot  be  investigated. For these  ree- 
sons, other methods  must be used, at least in the initial stages of 
investigation. 

Model drop t e s t s   i n  wind. tunnels have beer- performed (refs. 1, 2, 
ar-d 3, for  example) End several tec'nniques were well  established. Within 
the limits of rather  stringent  simularity  requirements, such drop tests 
can  provide  -useful  information for a par t iculer   a i rplme under a particu- 
l a r   s e t  of' releese  conditions.  In  general, however, only  limited  varie- 
t ions of sorce of the  important  parmeters cam be simuleted i n  drop tests 
in   avai lable  wind tunnels. Hence, detailed investigation of many factors 
affecting bomb relezse i s  not  readily accomplished by this method. 

The developrrent of theoretccal methods for  calculation of flow 
f ie lds ,  bomb forces, cnd bomb drop paths is, of course, desirable and 
would reduce  the need for  specific  testing. Some work has been done 
along  these  lines at subsonic  speeds for  externally  carried bombs (refs. b 
and 5 ) ,  bzt the problems m e   d i f f i c u l t  and the  solutions  tedious. L i t t l e ,  
i f  zny, analysis hEs been attempted for  internally  carried boxbs. Devel- 
opment of theoretical  methods w i l l  depend on e careful check w i t h  experi- 
ments not  only  for  flow-field  calculations  but  also  for  calculation of 
boinb forces and the resultant drop  paths. 

The measurement of s ta t ic   forces  on the bomb through the drop  region, 
w i t h  calcalation of bomb motlor? and drop  path  fron  these measurements (the 
xethod u t i l i zed   in  this report)  represents a relatively  versati le  tech- 
nique.  Althou& one se t  of measurements obtained by this method applies 
only t o  one configuration et one Mach number, e rather complete investi- 
gation of tae  various  factors  affecting bomb notion can be performed by 
simply vsrying the appropriate parameter  throughout a ser ies  of dro-g b 
calculetions. Such calculetions  ere  reedily  perfomed  in  eutomtic cop- 
puting machines. In  addition  to  use in the drop  celculakions,  the  force e 

I 
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A date m y  elso be valuable  as a check in   the development of theoretical 
methods of conputing bomb forces a d  trajectories.  

d This report   uti l izes the fourth method outlined.  Forces and m e n t s  
on bonbs of three  fineness  ratios and on a fighter-bmber  airplme  are 
presented  for a 1mge  nmber of positions of the bomb under & ~ 1  open bomb 
bzy. 4- nmber of bonb drops  have been calculated  md  are shown Z n  order 
t o   i l l u s t r e t e  tlle  procedure and demonstrate  the ty-pe of Enelyses tha t  
can be  =de. 

SYMBOLS 

CD 

. 
‘Lb 

- 
C 

S 

sb 

2 ‘  

drag  coefficient of wing-fuselage  coEbWtioTl, - Drag 
a_s 

l i f t  coefficient of wing-fuselege  combinatlon, - L i f t  
ss 

pitchLng-mmezrt coefficienk of whg-fuselege  coxbination, 
- Pitching mment referred  to f, 

qSE 

drag  coefflcient of bomb, - Dreg 

@b 

liilt coefficient of bonb, - L i f t  

a_sb 

pitchil?g-moment coefficient of bomb, 
Pitching tnomeslt 

@b 

(center of nonents is nose of bomb) 

nean aerodynamic chord of wing, in. 

total   area of wing, sq f t  

maxi~m ilroctal  area of boab, sa_ ft 

assumed bomb center-of-grsvlty  position measured fron bomb 
nose, in. 

2 bomb leng’ci?, in. 
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9 dynamic pressure,  lb/sq f% 

p a  pressure  coefficient on bomb base 

X longitudinal  distance between bomb midpoint and bomb-bay 
Eidpobt  (see  f ig.   l(b)),   in.  

z vertlcal   distance between bomb midpoint and a horizontal 
l i ne  drawn through the fuselage  center  lFne a t  bomb-bay 
center  1lne  (station 20, see  f ig.  l ( b ) ) ,  in. 

e a t t i tude ar-gle of bonb center line referenced to the horizontal, 
deg 

U 
b 

angle of attack of bomb, 8 3. tan EZL (for s t a t i c   t e s t s  ux 
= 0 )  

%if angle of attack of wing-fuselage center llne, referenced 

U velocity of bomb in  direction  indicated by subscripts, in./sec 

t o  free-stream  direction, deg 

U free-stream  velocity,  in.  /sec 

d/d ' ratio of bomb sting  dismeter  to bomb base dismeter 

f fineness  ratio of bomb 

Subscripts: 

X horizontal (streamwise) drrection 

z vertical  (gravity)  direction 

Models 

Tne general arrangement of the  test   setup is shown i n  figure 1. 
Dimensions of the wing-fuselage  combination are also given i n  this   f igure.  
The wing-fuselage  coribination was designed t o  s-ulate a swept-wing 
fighter-bomber Ei-lane md was geornetrically sinS.1e.r t o   t h e  configura- 
tion used i n  reference 6. If a nodel  scale of 1/20 is assumed, bombs 2 
and 3 (figs. 1. and 2) correspond t o  z full-scale dierneter of 26 inches. 

A 

d 

. 
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The  wing  znd fuselage were constructed of metal and were sting- 
mounted  on the  regulzr  support  sting of the Lasgley 4- by 4-foot super- 
sonic  pressure  tunnel. Both pitch and translation were provided irr the 
angle-of-atteck  plane by this support system. A six-comgonent strain- 
gage internal belance WES 'nousea within  the  fuseIage  to measu_re airplane 
forces. The fuselage bonb bay was open for  211 tes t s  and was rectmgular 
and squre-cornered. A t  the reer of the bomb bay a slot was provided 
lnto which the bomb-support s t m t  could move for   the more rearward bonb 
positioos (fig. 1). 

Tne  bo?zbs were constructed of metal end were aou ted  on e six- 
component electrical  strein-gage  balance, which was supported on a sepa- 
r a t e  mechznism as shom in figure l. Attitude  angles of the bomb were 
provided by t h i s  support  systen from -15O t o  Sgo, %he center of rotation 
l y h g  on the  axis of the bonb. 

A series of bombs of various shapes and fineness ratios was  investi- 
ge=ted. Tnis report  preser-ts t%e results of tests of three, having l ine-  
ness rztios or" 2.36, 4, and 7 (fig.  2). In order t o  design a fineness- 
r e t i o  series which  would represent a geolretric family and a t  the  sme 
t h e  be gractical ,   particulerly fron the volume standpoint, e cmbinatfon 
03 ogive  nose, cylindrical  center  section, am3 ogive-cooe ta i l  section 
w a s  used. The derivatioa or" the  proportions for the geometric funlly 
is  shorn in  the  sketch on the  right-hznd side of figure 2. 

Tne  bomb f ins  employed a slab-sided double-wedge section. All three 
bombs were investigetecl with and without fins, whereas bomb 2 (fig. 2) 
wes tested  in one chordwise positioa  with a set of ?ins approximately 
two-thirds  the  area of Yne o r igha l   s e t .  

The angle of attack of both the aLrplaze and bomb and the posrtion 
of the  airplane  with  respect  to  the bomb could  be  remotely  varied in the 
plane of symmetry during tunnel  operation. (NO l s t e r a l  movement o r  YEW 
Engles were obtained.) Hence, for  each run the bom'o wzs located a t  one 
chordwise (x} position.  Durag ezch run the  fuselage and bonb aagles of 
attack were s e t   a t  nominal values a.n6 the  wing-fuselage model WES %hen 
moved through a series of vertical  positions. The eagle OS st tack of the 
airplme  or  the bozb was then changed and the  position of the airplane 

. 
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with  respect t o   t i e  bomb a g s h  varied. The norninal ranges of angles m d  
positions are shown i n  the following  table: 

o t o  6 

o t o  6 

o t o  6 
~~~ 

o t o  6 

0 t o  6 

o t o  6 

0 t o  10 

0 t o  10 

0 to 10 

The forces on the models i n  each position were recorded. Both the 
bomb end the airplane  conZigurations were also pitched i n  an interference- 
free posit ion  to  obtain the force  characterist ics of the  isolated 
configurations . 

For a l l  t e s t s  a l/h-inch-wide s t r i p  of no. 60 carborundum grains 
and shellac was locsted on both surfaces of the wLng at the LO-percent- 
chod  point  end on the fuselage d bomb nose 1/2 inch from the t i p  in 
order  to  insure a turbulent boundary Layer. 

Imsnuch 8 s  the bomb-support system was re la t ive ly   f lex ib le   in   the  
l i f t  direction,  calibration of chnge  in bmb  position z and bonb engle 
of attack a w i t h  bomb l i f t  and pitch were m a d e  during balence  calibra- 
tions. Tine bomb-position corrections  werexalculated based on loads 
measured In iso1eA"b-d  bomb tests for  the nominal bomb angle and were 
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included in  the  precalculated  values of z by which the  boab-airplme 
positions were set .  These corrections were small, 0.060 inch a t  the 
mxhum. 

The corrections  to bomb zngle of attzck were not  applied. i n  advance 
t o  the  zngles used.  Lnstead, the  corrections were introduced into ?ne 
computing equations. The act-ml  value of a, for  each point wzs computed 
f o r  L&-e loads  incurred and wzs the2 used in t i e   reso lu t ion  of forces. 
Plots of actual a, (cmputed)  are shown in I"igure 3 for  the  three bombs, 
The nollr.inel velues which  were chosen t o  be used i n  subsequent figures 
aad in  the drop-path calculations are shown on each plot.  Since it 
Cppeared possible t h E t  the bomb support s t r u t  and the slot E t  the rear 
of the bay (fig. 1) could  Effect  the flow and cause  erroneous resul ts ,  
for  one check run a f i l l e r  block wh5ch supported  the bomb sting and bomb 
in the bay without t he   s t ru t  w s s  provided fo r   t h i s  slot. -In indication 
of the  irrberferences produced by the bomb-support systen can be obtsined 
from figure 4. The single d a h  point w i t h  the bomb sting supported from 
the rear of the bay agrees  well w i t h  the  curves frm deks taken in the 
usual m e r .  This result   indicetes that insccuracies due t o  %his source 
&re smll, at  leas t   lo r   the  zero  angle-of-attack  condition shown in the 
figure . 

Zn order to determine  the  effect 011 bEse pressure of tne large dim- 
eter  of the bomb s t ing  or bzlznce  shield,  a  smaller  diameter s t b g  (with 

obtzined  are compzred w i t h  base  pressures  obtained In the  standard m-er 
in   f igure 5 .  Although- base  pressure is  show- t o  be affected by d/d*, . the shapes of the curves for the  tvo ceses w e  similar. The mximun dif- 
ference shown in  this   f igure corresponds to 0.03 in  boab drag coefficient.  

1 balzrlce removed) was provlded fo r  one run. The base  pressures  thus 

Ekecision of Test Data 

The repeatabil i ty or relatLve  zccuracies m e  e s t h a t e d  fkon an 
inspection of repeat   tes t  points, zero shifts and s tz t ic   def lect ion 
calibrations to be as T"o1lows: 

x, i n . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.05 
y , h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.10 
2 ,  in.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.10 
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Wing-fuselage: 
Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.001 
CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.002 
Cm............................o..20.ml 
w, d e g . .  . . . . . . . . . . . . . . . . . . . . . . . . .  20.10 

lUISULTS AND DISCUSSION 

Basic Data 

Isolated bomb and wing-fuselage data.- L i f t ,  drag, zrnd pitching- 
moment datz. for the  three bonbs are presented i n  f i w e  6 for  angles of 
attack up t o  15'. Datz.  are included for banbs 1 and 3 with and without 
fins and for bomb 2 without f in s  and with f in s  of two different sizes. 
It should  be  noted that the boEb pitching moments a re  in  el1 cases 
computed about the borab nose. 

Plots of bozob force  coefficients.- L i f t ,  &reg, and pitching-moment 
Coefficients  for bombs 1, 2, end 3 i n  the presmce of the  a i rplme COD- 
figxmtion  are  presented i n  figures 7 t o  14. A convenient  index t o  con- 
figurations and figure  nmbers is  presentea  in  table I. 

Tine basic  dat& sre presented  in the form of plots  of coefficients 
against "he ver t ical   d is tvlce between the bomb mispoint aGd the midpoint 
of the bomb bey (on the fuselage  center  line). Tne data for seven bonb 
angles of attack st a t  angle of attack of the z i r p l a ~ e  of bo i s  shown 
in  the  left-hand  part of each figure. From t h i s  comprehensive data, 
contour mps of bomb forces and calculstions of bonb drop paths  czn be 
made. Tne date. for three bomb angles of attack st airplcne  angles of 
attack of Oo and 80 is shown in the right-h&nd per t  of esch figure. 
mese data  provide less ccarplete information a t  these airplene  engles 
of attack and serve to   i l lus t re te   the   e f fec ts  of changing -this angle of 
attack. 

The effects of boEb position, bomb angle of attack, end airplene 
zngle of attack on bomb forces are clearly shown Ln -&ese figures. In 
ortier to   Fl lxstrete   the  effect  of bonb f in s  and  tihe effect  of the wing 
on  bomb forces,  figures 15 a d  16 have been prepared from data of the 
previous  figures. A comparison of the  force  data on  bomb 2 w i t h  sml l  
f ins ,   lmge  f ins ,  an& no f i n s   i n  the presence of the k-ing-fuselage com- 
binstion i s  shown in figure 15. Also shown in  f igure 15 are the  force 
coefficients for each isolated boxb configuretion e.t each mgle o f  a-ttack. 
The difference between the curves for the vayious fin configurations is  
shown t o  be equal  roughly to  the  difference between  tine interference-free 
values of the correspondhg  coefficient for velues of z greater  than 
ebout 2 inches. The character of the curves i s  generally similar for the 
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three  fin  configurations. SimilEr resul ts  heve  been Tow-ii for  the  other 
bombs (1 and 3, see  basic  data  figures) which  were tes ted w i t h  md without 
f ins .  

A emparison of the forces on bomb 3 w i t h  the  airplane wing on and 
off is preseated in   f igure 16. The wing is shorn .in this figure t o  heve 
m lmportant effect  upon the boDb forces  elthough  the  basic shepe of the 
curves remahs similar. At x = -0.4, the  effect  (shown by the  difference 
between the curves for  w i a g  0x1 E& w i n g  off )  is s ign i f i cmt  even when the 
bomb is within  the boab bay ( z  of 0 t o  2$ inches  approximately), becones 
a maxinul! af te r   the  bomb hes cmpletely emerged (z of 4- t o  5 inches), 
and decreases  slowly as the bonib is moved st i l l  further ~Trozn the airplane. 
For the  further  rearward.position of the bomb, x = 1.6, these  effects 
hzve shif ted  to   larger  values of z .  !be directioa of the drsg, lift, 
and pitch increments  incurred by the bomb at  the higher  z-vslues i s  
eq la ined  by the domwash produced by the  w h g  at  this airplane  angle 
of attack (bo). 

A quantitative  evaluation of the effect  of the wing  on a bomb drop 
path  has  not been made. It seens likely,  hoxever, tha t  the effects  
indicated  are  lErge enough to require that the w i c g  be properly simulated 
5n mdel t e s t s  such as those  reported  herein  or in  model iirop tests. 

Plots 03 wing-fuselage force  coefficiects.- The lift, drag, an6 
pitching-monent coefficients measured on the wing-fuselage  combinstion 
Esd plotted  &gainst bomb posltion z Tor t h e   t h e e  bonbs investiga-led 
axe preseated in  figures 17, 18, ar-d 19. It w i l l  be noted fro= exaqina- 
t ion of f igure 1 thzt  some interference would be  produced by t'ne bomb 
support s t r u t  on the wing-fuselage  combhatior-. This hter fe rence  has 
not been isolzted mii is  included i n  the dzte shown i n  figu-es 1'7 t o  19. 

Although no evaluztion of the  effect  of the interferences as neesured 
on the ai-rplane flight psth has been made, it is 'oelFeved tht such 
effects  would be small. It should be noted  that  the  results  presented 
in  f igures 17 t o  19 are   for  a wing-fuselage  coabina%ion  without a tail. 
It is expected that tlrle effect  of a bomb on a horizontal-tail  surface 
would  add significantly t o  the  interference  forces meesured herein. 

Contour Plots 

Figures 20 t o  25 present colltour naps of each coefTicient for  bomb 2 
axd bozb 3. (Fron f igs .  9 and 12, see preceding table. ) The bomb m i d -  
point is the  reference p0ia.t (the  point a% which the  force  coefficient 
i s  plotted) f o r  a l l  contour plots.  The bomb and bomb bay are  shorn- t o  
scele on each plot. 
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These contour maps, in  generel, show rapid changes i n  bomb forces 
and moments w i t h  z and x. The data i n  this form i l l u s t r e t e  well the 
complexity of the flow f i e ld  Fn which the bomb is  located. An evelua- 
t ion  of the effect  of these rneasured forces end moments  on the bomb drop 
path can be obtained  only by u t i l i z ing  these da ta   in  the calculation of 
bomb drop path. 

Drop-Path Calculations 

Measured bomb forces and moments, as presented i n  t'nls report, have 
their principal  use in the calculation of drop  paths. In order t o  i l l u s -  
t r a t e   t he  manner i n  which these data can  be used, a series of calculations 
has been perfomed  for bonb 3. The effect  of some of the primary vari- 
ables, such as al t i tude,  bomb attitude,  ejection  velocity, and weight 
have  been treated. The cases calculated  represent a br ie f   i l lus t ra t ive  
analysis  rather  than an exhaustive one. 

The calculations were performed io a mgnetic-drum  electronic  dete- 
processing machine  by using the equations  presented in  the appen6ix and 
the  data  presented Ln figures 12 o r  23 t o  25. Full-scale  conditions  are 
assumed, the model data being  considered as 1/20 scale. 

The variable parameters are as follows: 

27 I -4, C, 4, 8 I 10, coo a t 

10,000 

The f igures   l is ted i n  the preceding table also show  bomb positions x 
and z, and bomb a t t i tude  angle 6 plotted  against  elepsed  time after 
release. The sketch  within  the  figure shows the bomb release path with 
bomb position and a t t i tude  drawn t o  scale  for each 0.1-second interval of 
twe. (Tie tine interval For the calculations was generally 0.01 second; 
i n  some cases, 0.005 second.) The  bm-b-bzy outlines  are  also shown. 
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Effect of release  altitude.-  Figure 26 presents  drop-path  data  for 
six el t i tudes fron sea  level to 50,000 fee t .  Tne low-altitude  drops ere 
characterized by rapid rearward movenent because of the  high  drag at the 
high dynamic pressures. A t  see  level end 10,000 feet ,   col l is ion of bornb 
f i n s  ~ 5 t h  the   rear  of the bomb bay occurs, whereas a t  an a l t i tude  of 
20,000 feet  the  release  appews t o  be mrginel. At 30,000 f ee t  and 
above, the reerwerd  motion of the bomb is reduced t o  the point where the 
drop  appears t o  be safe. Although the  overall  changes in  bomb a t t i tude  
angle wizlch occur  axe of si5mila.r mguftude f o r  a l l  altitude  cases, the 
variations are of higher  frequency end reech  higher  posittve  values a t  
low al t i tudes.  Tne tendency of the bonb to remab at higher  positive 
attitude  angles a t  l o w  release  alt i tudes (in the p a r t i c ~ a r  cases tal- 
culated)  tends  to n?ti;ke the problen of low-eltitude  release worse  by 
decreasirs  the  vertical  velocity of the bonb. Bomb-release a t t i t ude  is 
therefore one of the  vwiables t o  be  considered. 

Effect of release  attitude.-  Figure 27 presents drop-path data fo r  
four   in i t ia l  boab angles of a t tack (-bo, O0, 40, and 8O) for an a l t i t ude  
of 10,000 feet .  This figure shows thet the release is not improved by 
giving the bomb either  posit ive o r  negative  incidence  with  respect t o  
"&"e airplane. The release is i n  most cases nade less  desirable es a 
resu l t  of the  large  angular  oscillation inauced by either  posit ive  or 
negative  incidence. 

EfTect of ejection.- Drop-path data calculated for Pour ejectLon 
velocit ies (0, 10, 20, and 30 fee t   per  second) z t  two al t i tudes (0 uld 
10,000 feet)   are  presented in  figures 28 and 29. In  these  cases,  the 
ejection nechenism was assumed to   re lease  the bomb a t  z = 43 inc'aes 
(corresponding t o  a 30-inch ejection  stroke)  with  the  specified downward 
velocity ( i n  the  z-direction). The angle of atteck of both bomb and 
airplane was bo. 

For the  case  for ~a ejection  velocity of' zero,  the bomb a t  ei ther  
a l t i t uce  noves almost straight r e e m r d  and collides w i t h  the bonb  bay. 
For ~ l l  cases in  which ar ejection  velocity of 10 fee%  per second was  
assumed, %he bomb cleers %he bonb h y .  This result tndicates tkt the 
release of a  bmb from a po5nt below the airplane may not produce a 
satisfactory  releese et l o w  alt i tudes.   Ihpmtlng a downward velocity 
t o   t h e  bonb also  appears  to be necessary. 

1% w i l l  be noted that ,  although ia the case f o r  aa eJection  velocity 
of 10 feet   per second the bomb c lems tkre bmb bay, the rapid  rearward 
notion of the bomb E k e s  this drop appear somewhat marginal, pert icular ly  
fo r  the lower al t i tude.  For the  cases  celculated,  an  ejection  velocity 
of 20 feet   per  second or  -eater  appeers  desirable. The droy paths  for 

ably w i t h  the drop pz-khs obtatned  without  ejection et high al t i tudes.  
In   t h i s  in-vestigation, no attempt was made t o  simulate the ejection 

- the  bombs ejected et "&e higher  velocities E t  l o w  a l t i tude   ccqsre   favor-  
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apparatus, which as indiceted  in  reference 4, can have a large  effect  
on the bomb forces and the  result ing motion. 

Effect of  bonb weifit.-  Figure 30 shows the drop  pcths f o r  four 

values of bomb weight 2, 1, 15, and 2 times  the  original weight of 1 

1,750 pounds) f o r  an al t i tude of 10,000 feet .  As m i g h t  be  expected, 
increasing  the bomb weight improves the drop cilaracteristics by increasj 
the domw=rd motion in  relation t o  the rearward  motion. For the  cases 
calculated, e. bomb weight of 3,500 pounds or twice  the  origrnal weight 
was required t o  a l t e r   t he  drop path from unsatisfactory o r  marginal t o  
satisfactory. 

The plots of 8 show that the m@ar motion increases  in magnitude 
es the weight is hcreased; however, because the angular moment of i ne r t l a  
was not changed for  these  different weights, t h i s   r e su l t  must be  due t o  
the  fact   that   the  bomb incurred a different schedule of pitching moment 
on the  different drop peths . (See f ig .  25. ) 

Effect of  moment of 5nertia.- The resul ts  of drop-path calculations 
for four  vslues of bomb rotary moments of iner t ia  (1/2, 1, l$ and 2 times 
the  original  value of 5,176 lb-see2-in.) are  presented in figure 31 for e 
bomb weight of 1,730 pounds. Bomb  morzent of i n e r t i a   i s  shown in  these 
f igures   to  have insignificant  effect  upon the bomb flight path. Bomb 
angular motion, however, i s  progressively  decreased bo& in  magnitude 
and frequency as  the moment of i ne r t f a   i s  increased. 

Forces and moments have been meesured a t  a Mach  number of 1.6 on 
bonbs of three  fineness  ratios and on a swept-wing fighter-bomber airplane 
configurstion fo r  a great number  of posftions of the bomb under zn open 
bomb bay. The resul ts  show tha t  the interserence  forces and moments 
imposed  upon the bombs by the  airplane  are  large and change rapidly  as 
the bomb is moved through the flow f ie ld .   me wing is  shown t o  have a 
significant  effect  on the bomb forces  both  before and af te r   the  bomb has 
emerged from the bom5 bzy. 

Czlculations of bomb drop path were performed fo r  one bomb (using 
the  force  date) t o  show graphically  the  effects of' release  alt i tude,  
bmb  attitude,  ejection  velocity, weight, and mment of iner t ia .  The 
resu l t s  showed t'nst obtaining satisfactory bomb release  a t  l o w  a l t i tude 
is made very d i f f i cu l t  by the rapid rearw8rd motion of the bosb resal t ing 
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E fro= the  large  dynmic pressures. Releasing  the bomb fron a position 
just below the bomb bay did not  inprove the release without the ed,dition 

e of an cdequate  ejection  velocity. 

Langley Aeronsuticel  bboratory, 
Na-tior-a1 Advisory Committee f o r  Aeronzutics, 

Lmgley Field, VEL., August 23, 1956. 

I 
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APPEXOJX 

NACA €Ut 1,56118 

EQUATIONS USZD I N  THE CALCULATIONS OF BOMB m0P PATHS 

With  a  knowledge of the s te t ic   forces  and moments acting on the 
banb due t o  its position and a t t i tude  in the airplane flow f i e l d  and. 
the  forces and moments ar is ing frm the transletioEal and rotary mo';ian . 
of the bombs, the release  path  can  be deterrained by a step-by-step  solu- 
tion of the equations of motio-rl. In  order to approximete a t rue  inte-  
grat€on, it is necessary that a small time interval  be used. Since the 
rotary motion i s  the most c r i t i ca l ,  it has been fourd (ref. 3 )  tha t  a 
pract ical   cr i ter ion for the time interval is thet it produce corresponding 
anguler changes not  exceeding t h r e e - q w t e r s  of one degree (time interval  
0.01 second o r  less fo r  the cases  studied). 

The forces which produce accelerations of the bomb in the x- end 
z-directions and the moments which produce angular  accelerations ere: 

wkere CLb and C a re  I'ron; contour plots  and C ma c are  

from isolated bonb data. The v d u e  of the daq ing  coefficient 
obtahed by tine method of reference 7. 

mb %i+) 

c"P 
Was 

The velocit ies produced by these  forces m d  moments are: 

Fx,n-l A t  
"lx = %,n-l + m 

Fz ,n-1 A t  
- Uz,n-l - + LE 



I The  corresponding  motions or displacements ere given  by: 

. 

where 

, F force  in  dbec-bioc  indicated  by  subscripts,  lb 

M borub pitching  moment,  in.-lb 

W bozb weight, lb 

m bomb mss, :-I/&, lb-sec2/ta. 

. I  bomb  moment  of  ingrtia,  lb-sec2-in. 

C danpZng  coefficient = - 8% 
a -  62 2v 

6 bomb  rotary  (engular)  velocity,  deg/sec 

Q airstrean  velocLty,  in./sec 

At tjme  intervel  occurring  between  successive  bomb positions 

and the  subscripts n - 1 denote  value from previous  point in step-by- 
step calculations,  and 0 denotes zero tine. 

The  geometric  and  Eerodynaaic pmaneters assumed for e l l  cases (full- 
scale  conditions,  bolrb 3 )  m e  ES follows: 

.. 

L 

9 = bo x. = 0 

c 

i .  

2 = 182 in. 
2 '  
2 
" - 0.5 

5 ' ,  Cnab = -0.11 

I 
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(b) Sketch showhg x- and z-grid-system orientation for bombs. 

Figure 1. - Concluded. 
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Figure 2. - Details and, dimensions of bombs. A l l  dimensions m e  in inches. 
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for use with the correspondicg force data sre show. = ko. 
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Figure 4.- Comparison of forces masured on bomb with and without bomb- 
support strut. Bomb 2; large fins; x = 0.95 inch; % = oo; % = 00. 
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- Bomb mounted on 
large sting(d/dl.7~) 
standard support, 
figure I 

o Bomb mounted on small 
sting(d/dL=.57) and 
dummy balance 

Vertical location of bomb midpoint, .z , in. 
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Figure 6.- Aerodynamic  characteristics of the  isolated bomb. 
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Bomb angle o f  attack,  ab ,deg 

( c )  Bomb 3. 

Figure 6.- Concluded. 
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(a) x = -2.55 to -2.80 inches. 
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Figure 27.- Concluded. 



(a) 0 feet  per  second. 
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Figure 28.- Calculated  time  histories of motions of bomb 3 with various 
ejection  velocities  at sea level. awf = 40; eo = 40. 
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Figure 28. - Concluded, 
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Figure 29.- 
ejection 
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Ffgure 29.- Concluded. 
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Figure 30.- Calculated time histories of motions of bomb 3 with various 
bomb weights. = bo; €lo = bo; altitude, 10,OOO feet. 
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.Figure 3.- Concluded. 
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(a) I = 2,558 lb-sec2-in. 

Time, t, sec 

(b) I = 5,178 lb-sec2-in. 

FQure 31. - Calculated time 
bomb  maments of inertia. 
altitude 10,000 feet. 

histories of motions of bomb 3 with various 
= bo; 80 = 4'; bomb weight, 1,750 pounds; - 



22x 

200 24 

160 16 
I 

N 
m 
% 

z 
* 120 8 
0 

c 

a 

c 
t 

F 

s O E  

n 
n E 

40 -a m 

0 

W 
0 

8 
80 

m 
0 

c 
U 

0 -I 6 

(c) I = 7,764 lb-sec2-in. 

Tlme, t, sec 

(a) I = 10,352 lb-sec2-in. 
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